The mucopolysaccharidoses are a group of inherited disorders of metabolism, with varying clinical manifestations. A number of them present anaesthetic difficulties. This paper presents a summary table of the syndromes and reviews our experience over ten years with patients with these diagnoses. The clinical presentations, anaesthetic management, and complications are described. The effect of age and diagnosis on airway difficulties was studied. There were 31 patients, 28 of whom required anaesthesia, on a total of 99 occasions, for 115 procedures.
This paper reviews our experience with patients with mucopolysaccharidoses (MPS) over the ten years to 1993. The aims were to: (1) review the clinical problems seen in each type of MPS and list the commonest operations carried out in each group;
(2) review the anaesthetic techniques used, difficulties encountered during anaesthesia for each type of MPS and manoeuvres found useful in minimizing such difficulties; and (3) assess whether difficulties with airway management changed with advancing age.
The mucopolysaccharidoses are a group of inherited metabolic disorders in which an enzyme abnormality leads to abnormal accumulation of mucopolysaccharides (or glycosaminoglycans) in the body tissues. All are inherited in an autosomal recessive fashion except the Hunter syndrome which is an X-linked disorder. The different types are related to abnormalities in different enzymes involved in mucopolysaccharide synthesis. The clinical picture is determined by the type and sites of mucopolysaccharide deposition. Since excessive deposition continues throughout the patient's lifespan, clinical features worsen with advancing age, except in the Sanfilippo syndrome ( Table 1) .
The deposition of mucopolysaccharides leads to anatomical abnormalities and organ dysfunction which may be of relevance to the anaesthetist. Some of the main features of the different types of MPS are summarized in Table 1 .
METHODS
The medical records of all patients with a diagnosis of MPS presenting to the Royal Children's Hospital, Melbourne between January 1983 and June 1993 were reviewed. Seven anaesthetics (for ten procedures) performed before January 1983 on patients from the study period were included in the survey to assist the analysis of the effects of age on the airway. These seven anaesthetics were included in a previous paper 1 . The number and nature of operations and the age at each procedure were recorded. The premedication, induction technique, method of airway management used, difficulty with the airway or intubation, and any problems during anaesthesia or the recovery period were obtained from the anaesthetic chart. The significance of differences in difficulty with intubation in relation to age for the Hunter, Hurler and Maroteaux-Lamy group (HHML) and the Morquio and Sanfilippo (MSF) group was assessed using the Kolmogorov Smirnov test. Frequency of difficulty with the airway in the HHML versus the MSF was assessed with Fisher's Exact Test.
RESULTS
Thirty-one patients with an enzyme confirmed diagnosis of MPS were treated at the hospital during the study period. Their clinical features fitted those outlined in Table 1 . There was no patient from the Scheie (IS), Hurler-Scheie (IH-S) or Sly groups, which are very rare.
Operations
Three patients had no operative procedures. Twenty-eight patients had a total of one hundred and fifteen procedures under ninety-nine general anaesthetics. The operations performed reflected the clinical problems of these syndromes and are summarized in Table 2 . Forty per cent were for ear, nose, throat and airway procedures, 19% neurological investigation, 8% neurosurgery, 11% orthopaedic surgery, 7% hernia repair, 4% ophthalmic procedures, and 1% open heart surgery. The remaining 10% were for dental procedures and diagnostic procedures other than scans. Age at operation ranged between three months and thirty-nine years.
Premedication Table 3 shows the premedicant drugs used. Premedication followed no particular pattern as regards MPS type but did reflect the changing pattern over the past ten years within this department, namely a move away from intramuscular drugs towards either no premedication or an oral sedative, with or without paracetamol. About half the procedures were preceded by oral sedation and a quarter by no sedation. EMLA cream became available in the latter years of the study. Preoperative airway compromise was a relative contraindication to preoperative sedation.
Induction
The majority of patients were induced with thiopentone, a few with ketamine and some with an inhalational induction with halothane ( Table 4 ). If difficulty with intubation was anticipated the attempt at intubation was usually made using either halothane with spontaneous breathing or, once the ability to Hurler  xxx  xxx  xxx  xxx  xx  xxx  -child  I H/S  Hurler/Scheie  xx  xx  xx  xx  x  xx  -early adult  I S  Scheie  x  x  x  x  -x  -normal  II H severe  Hunter  xxx  xxx  xxx  xxx  xxx  xxx  -child  II H mild  Hunter  xx  xx  xx  xx  -xx  -late adult  III hand ventilate had been established, using suxamethonium to provide relaxation.
Airway
The major problems encountered during anaesthesia were related to airway management and cardiovascular instability secondary to this. Table 5 summarizes the method of airway management and degree of difficulty thereof for the five subgroups of MPS in the study.
Airway difficulty has been further evaluated in relation to patient age, MPS type and airway management technique ( Figures 1 and 2 and Table 5 ). Twenty of the 28 intubations in the HHML patients were difficult. Difficulty with intubation in the HHML group was statistically more common compared with the other MPS patients (P<0.0001, Fisher's Exact Test). The HHML patients were also more likely to be difficult to intubate as they grew older (Kolmogorov Smirnov test P=0.02). Ten of twenty-five HHML patients managed with facemask were noted to have difficult airways. One older patient with Hurler's syndrome admitted for a ventriculo-peritoneal shunt required emergency tracheostomy after an intravenous induction with fentanyl and pancuronium. This was one of the earlier cases in this series and this technique was chosen because the anaesthetist had experience with a previous patient with coronary artery disease and believed this technique to be safest if cardiac prob-461 ANAESTHESIA AND MUCOPOLYSACCHARIDOSES Anaesthesia and Intensive Care, Vol. 24, No. 4, August 1996 lems existed. In the event, ventilation and intubation proved to be more difficult than preoperative assessment had suggested and an urgent tracheostomy had to be performed. The tracheostomy was difficult because of the short neck, mucopolysaccharide deposits anterior to the trachea and a relatively narrow trachea 4 . Obstruction may extend for the whole length of the airway. One seven-year-old patient with Hunter syndrome presented for bronchoscopy to investigate a left lower lobe collapse present for over three months despite physiotherapy, bronchodilator and antibiotic therapy. He was known to have a difficult airway and to be an intubation problem. Under halothane general anaesthesia with topical local anaesthesia of the airway and spontaneous ventilation, his airway again was difficult to manage. A nasopharyngeal airway could not be passed. Laryngoscopy revealed an "infantile" larynx with omega-shaped epiglottis and prolapsing arytenoids. Intubation was not attempted. Fibreoptic bronchoscopy demonstrated "abnormal mucosa, which was very vascular and boggy, throughout the airway below the cords". The left mainstem bronchus was occluded by mucopolysaccharide thickening of the wall rather than a mucous plug.
In the Sanfilippo group there were no reports of difficulty with airway management using a facemask. Two out of seventeen intubations were classed as moderately difficult. The first of these in a patient aged nine years was classed as such from the comment "stylet in tube useful". Stylets are not often used in our department unless difficulty is encountered. She was intubated again eleven months later when the view at laryngoscopy was reported as grade 1. The second patient was a moderately difficult intubation because of difficulty extending the neck, though the cords could be seen and intubation was accomplished using a stylet. In the remaining fifteen intubations no difficulty was encountered.
Similarly, in the Morquio group there was no reported difficulty with airway management with a facemask. Six out of seven intubations were uneventful. The other case involved a seven-year-old who had been easy to intubate despite in-line traction for neck immobilization prior to a cervical fusion. She had the atlanto-axial instability sometimes seen with Morquio syndrome. Eighteen months later she presented for bilateral femoral osteotomies. Inhalational induction was performed using halothane, nitrous oxide and oxygen. The airway was again easy to manage. Laryngoscopy under halothane general anaesthesia and topical lignocaine revealed only the tip of the epiglottis. The poor view was thought to be due to the limited neck mobility secondary to the previous cervical fusion.
Recovery
Major problems were uncommon in the recovery period. Eleven patients were reported to have stridor in the recovery room, all following difficult intubations. No patient had to be reintubated postoperatively. One patient with Hunter syndrome and known cardiac involvement was noted to have hypertension and tachycardia in the recovery room which did not respond to adequate analgesia and persisted on the ward. He was seen by a cardiologist on the first postoperative day when a diagnosis of cardiac failure was made. He responded well to diuretic therapy. Seven patients were admitted to the intensive care unit postoperatively, the reasons being shown in Table 6 . Patients with sleep apnoea require suitable postoperative monitoring.
DISCUSSION
The mucopolysaccharides are primarily components of connective tissue and may be deposited in the skin, soft tissues of the airway, the cornea, central nervous system, heart, liver, spleen, bones, ligaments and other sites.
Most of the children in the HHML group have problems with recurrent upper respiratory tract and middle ear infections which often lead to conductive hearing loss. They may also present with worsening respiratory obstruction and sleep apnoea due to adenotonsillar enlargement. Early treatment of these problems is advocated because the anaesthetic and clinical problems increase with age. Longterm middle ear drainage tubes are commonly indicated and the 462 C. MOORES, J. G. ROGERS ET AL Anaesthesia and Intensive Care, Vol. 24, No. 4, August 1996 tonsils and adenoids are often removed by the age of four years to minimize obstructive symptoms. This procedure is occasionally combined with uvulopalatopharyngoplasty to improve results. Mental retardation is a feature of all except the Morquio and Maroteaux-Lamy syndromes, but may be minimal in the Hunter syndrome. In the Sanfilippo syndrome it is usually associated with aggressive behaviour and hyperactivity which is often associated with cerebral ventricular enlargement and improves to some extent with the insertion of a ventriculoperitoneal shunt. There may be overt clinical evidence of hydrocephalus. In the Sanfilippo group the CT scan often shows only a mild degree of ventricular enlargement which may be the result of cerebral atrophy, communicating or non-communicating hydrocephalus. Even in these cases ventricular drainage usually gives symptomatic improvement.
Orthopaedic abnormalities, such as short stature, limitation of joint movement and spinal anomalies, are common to all types of MPS. The problems tend to be more severe in the Morquio and Maroteaux-Lamy syndromes and necessitate more frequent intervention (e.g. for severe kyphoscoliosis). In particular, odontoid hypoplasia in the Morquio syndrome may lead to instability of the atlanto-axial joint with the risk of cervical cord damage at intubation 2 or even during everyday activities 3 .
Mucopolysaccharide deposits may affect heart valves, muscle or coronary arteries. The heart is not involved in Sanfilippo syndrome. The presence of cardiac problems should be looked for preoperatively but may be clinically silent, especially as the older patients in the HHML group may have limited mobility and communication.
In common with other published series 1,4-6 the major anaesthetic problems encountered were related to airway management, though the incidence of such problems varied with the type of MPS, being common in the HHML groups. These HHML patients usually have a short neck, with a high larynx, limited atlanto-axial mobility, thickened soft tissues that restrict tissue movement at laryngoscopy, a small hypopharynx, a long relatively immobile epiglottis, large tongue and narrow nasal, laryngeal and tracheal passages. These problems tend to worsen with age.
Many of the children had excessive oral secretions contributing to difficulties with airway management. Atropine is useful in these cases.
In the HHML groups the airway is often made worse by insertion of an oral Guedel airway because it pushes their long, high epiglottis over the laryngeal inlet 7 . The airway was improved by a nasopharyngeal tube in six out of the ten patients where difficulty was encountered using a facemask. There may occasionally be difficulty in passing a nasopharyngeal tube because of mucopolysaccharide deposits. The laryngeal mask airway was used in only two patients, neither of whom were classed as having difficult airways prior to insertion. The role of the laryngeal mask in these patients has not yet been defined. In patients with a high larynx they should be used with caution.
The "two-anaesthetist intubation technique", where one operator inserts the laryngoscope and manipulates the larynx to give the best view of the glottis while the second inserts the tube, was usually successful when difficulty was encountered with intubation. Fibreoptic laryngoscopy was successful on one of the two patients on whom it was attempted.
Although most airway/intubation difficulties related to the HHML group, great care must be taken with intubation in the Morquio group because of potential cervical spine instability. In-line traction to stabilize the neck should be used in these patients. It has been suggested that intubation in the Sanfilippo group might become more difficult with advancing age 1 but this was not confirmed by our results.
These patients should be assessed carefully preoperatively and discussed with their geneticist or paediatrician. Preferably they should be anaesthetized by a consultant paediatric anaesthetist with knowledge of the condition. We prefer to have two experienced anaesthetists present for patients in the HHML groups. Parents, although often well informed about their children's condition and aware of anaesthetic difficulties from previous surgery, should have the increased risks of anaesthesia discussed with them preoperatively.
